The eigenchromaticities x-and x+ are deJiized as (8) dQ+ The 2-D "skew chromaticity" vector k is introduced when the standard on-momentum description of linear coupling is extended to include off-momentum particles. A lattice that is well decoupled on-momentum may be badly decoupled offmomentum, inside the natural momentum spread of the beam.
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1) The free space in the tune plane is decreased.
2) Collective phenomena may be destabilised.
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T~~ strong new for head-tAl stability in the presence of off-momentum coupling are derived, which are consistent with experimental and operational observations at the Tevatron, and with tracking data from RHIC.
where it is convenient to introduce the vector v. If A skew quad i is represented by a 2-D vector g; with components along the orthogonal axes Z and g, as the off-momentum parameter is scanned.
Examples in 2-
where f is the focal length, Pz and are the beta functions, and dy and dz are the betatron phases. The closest approach of the eigentunes Q-and Q+ is given by the length of q, the sum It is pedagogically useful to consider the case when the de- 
These equations introduce the "normal chromaticities" xr and xY, and also the important new "skew chromaticity" vector k, which, like q, lies in the (a,b) plane. at a given momentum is just IkSI, so that, if j k l = 4 and u p / p = lop3, the eigentune split of a typical particle is 0.004.
This is significant when compared to a typical design tune separation of 0.01. If true, neither eigenchromaticity can ever become negative. As such, these criteria are "sufficient but often not necessary". Both xs and xy must be positive to meet the criteria, even when k = 0, thereby recovering the standard uncoupled head-tail result (above transition). Table I Skew chromaticity observations at three colliders. High luminosity optics were used in all cases.
IV. EXPLANATION OF TEVATRON OBSERVATIONS
In 1989-1990, high intensity Tevatron bunches (Nbunch > 6 x 10") occasionally became head-tail unstable. Sometimes the beam losses were spontaneous. At other times they were induced when the operators corrected persistent current tune and chromaticity drifts, often when the tunes were being separated.
Beam studies investigated head-tail stability with different design tunes and chromaticities [4] . The skew quad strengths were held fixed, after a preparatory global decoupling. Entirely different behavior was observed when the chromaticities were equal, and when they were grossly different. 
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